We characterized 13 cultures of the enteric bacterium causing enteric septicemia of catfish by studying their biochemical reactions, deoxyribonucleic hybridizations, and deoxyribonucleic acid guanine-plus-cytosine contents. We confirmed that this bacterium is a new species, which is most closely related to Edwardsiella tarda of the family Enterobacteriaceae. Five strains of the bacterium causing enteric septicemia of catfish were 80% or more related to the type strain, SECFDL GA 77-52 (= CDC 1976-78 = ATCC 33202), in 60°C deoxyribonucleic acid homology reactions. Species level relatedness among the 13 strains which we studied was demonstrated by the more than 80% relatedness in 75°C reactions. The bacterium causing enteric septicemia of catfish was most closely related to E. tarda (56 to 62%) in 60°C reactions. The guanine-plus-cytosine was 53 mol%, as determined by buoyant density centrifugation. We propose the name Edwardsiella ictaluri sp. nov. for the bacterium causing enteric septicemia of catfish.
We characterized 13 cultures of the enteric bacterium causing enteric septicemia of catfish by studying their biochemical reactions, deoxyribonucleic hybridizations, and deoxyribonucleic acid guanine-plus-cytosine contents. We confirmed that this bacterium is a new species, which is most closely related to Edwardsiella tarda of the family Enterobacteriaceae. Five strains of the bacterium causing enteric septicemia of catfish were 80% or more related to the type strain, SECFDL GA 77-52 (= CDC 1976-78 = ATCC 33202), in 60°C deoxyribonucleic acid homology reactions. Species level relatedness among the 13 strains which we studied was demonstrated by the more than 80% relatedness in 75°C reactions. The bacterium causing enteric septicemia of catfish was most closely related to E. tarda (56 to 62%) in 60°C reactions. The guanine-plus-cytosine was 53 mol%, as determined by buoyant density centrifugation. We propose the name Edwardsiella ictaluri sp. nov. for the bacterium causing enteric septicemia of catfish.
Enteric septicemia of catfish (ESC) is a newly described bacterial disease primarily of cultured channel catfish (Ictalurus punctatus) (9) . The causative agent of this disease is a gram-negative, rod-shaped, 0.5-by 1.25-pm, oxidase-negative, peritrichous, fermentative bacterium that has been isolated 26 different times from the kidney tissues of moribund catfish. Biochemically, this organism is most similar to Edwardsiella tarda but differs from E. tarda in several key diagnostic characteristics (1) .
ESC was fist detected in 1976. Although not always consistent, the clinical signs of this disease in I. punctatus are typical of the acute bacterial septicemias caused by E. tarda, Aeromonas hydrophila, and Pseudomonas fluorescens ( 5 , 11).
ESC presently constitutes an economic threat to catfish farmers in Alabama, Georgia, and Mississippi. The pathogenicity of the ESC bacterium to species of fish other than catfish has not been demonstrated, although it has been isolated from channel catfish (I. punctatus), white catfish (Ictalurus catus), and brown bullhead (Ictalurus nebulosus). In this paper we characterize, classify, and name the ESC bacterium. 'Strains GA 77-52 and GA 78-27.
MATERIALS AND METHODS
Strains GA 78-36, AL 78-120, AL 78-126, and MD 78-1.
ature at which motility and acid production were most pronounced was considered to be optimum. The antimicrobial agent susceptibility of each isolate was determined by the agar diffusion method (2), but we used sensitivity agar (Difco Laboratories) rather than Mueller-Hinton agar due to poor growth of the isolates on Mueller-Hinton agar.
Biochemical testing was done by the methods of Edwtards and Ewing (6) and Hickman and Farmer (10) . Additional testing was conducted by using the Analytab 20E system (Analytab Products) and the Minitek system (BBL Microbiology Systems).
Antisera for a serological comparison of the ESC strains and a stock culture of E. tarda obtained from the National Fish Health Center, Kearneysville, W. Va., were prepared in adult channel catfish by using heat-killed bacteria. The fish were bled at the conclusion of a 6-week injection schedule. Sera from each group were pooled and refrigerated at 4OC. Control serum was obtained from preinjection bleedings. Slide agglutination tests were performed by using two-fold dilutions of antiserum mixed with an antigen suspension calibrated to a no. 10 McFarland barium chloride standard.
The strains and techniques used to prepare and label deoxyribonucleic acids (DNAs) and to determine DNA relatedness have been described previously (3).
Determinations of guanine-plus-cytosine contents was by buoyant density centrifugation in cesium chloride (D. H. Lewis, personal communication).
RESULTS AND DISCUSSION
The ESC bacterium is a gram-negative rodshaped organism which measures 1.75 by 5.0 pm after 6 h of culture on solid media and 0.5 by 1.25 pm after 18 to 48 h of culture (A. Scott, personal communication). This organism is peritrichous; all strains tested except strain MS 78-1 were motile at 25°C but not at 37°C; strain MS 78-1 was not motile at either temperature.
The biochemical reactions of the 13 strains of the ESC bacterium tested were almost identical ( Table 2 ). The optimum growth temperature for the ESC bacterium was between 25 and 30°C. Growth was slow on blood agar plates; at 30°C this organism took 48 h to form typical colonies 2 mm in diameter. All strains produced gas from glucose at 25°C but not at 37"C, and all strains were negative for indole production and H2S production from triple sugar iron agar. Six of the strains were positive for ornithine decarboxylase after 24 h, four strains were positive after 3 days, and three strains were positive after 5 days of incubation at 37°C.
The tests which differentiated the ESC bacterium from E. tarda were motility at 37"C, the indole test, the Jordan tartrate test, gas production from glucose at 37"C, and H2S production from triple sugar iron agar; the ESC strains were negative for all of these characters (4,7,13). The ESC bacterium was differentiated from Yersinia ruckeri (another enteric fish pathogen) by the delayed motility of the ESC bacterium at 25"C, by gas production from glucose at 25"C, and by negative tests for citrate utilization (Simmons), trehalose utilization, gelatin liquefaction (22" C), and tartrate utilization (Jordan) (8, 12) . The tests which have diagnostic significance for the ESC bacterium are shown in Table 3 .
We detected no cross-agglutination in experiments with E. tarda antiserum and ESC bacterium antigen or with E . tarda antigen and ESC bacterium antiserum. A titer of 160 was obtained with E. tarda antigen and the homologous antiserum, and a titer of 320 was obtained with ESC bacterium antigen and the homologous antiserum.
The guanine-plus-cytosine content of the ESC bacterium DNA was 53 mol%, as determined by buoyant density centrifugation (Lewis, personal communication).
The antimicrobial agent susceptibility of the ESC bacterium has been reported previously (9); this bacterium is susceptible to oxytetracycline, chlortetracycline, kanamycin, neomycin, nitrofurazone, and dihydrostreptomycin and resistant to erythromycin and sulfamerizine. Table 4 shows the DNA relatedness among the ESC strains and between the ESC bacterium and other members of the family Enterobacteriaceae. Five strains of the ESC bacterium were 80% or more related to strain 1976-78 (GA 77-52) in 60°C reactions. There was no evidence of divergence within related sequences, as judged by the absence of decreased thermal stability within related DNA sequences. The species level relatedness among the ESC strains was evident from the more than 80% relatedness observed in the 75°C reactions, in which only very closely related DNA sequences could form duplexes. The percent divergence was the decrease in thermal stability of heterologous DNA duplexes compared with the thermal stability of the homologous DNA duplexes. This value could be expressed as a percentage because each degree decrease in thermal stability was caused by approximately 1% unpaired bases in double-stranded DNA. In homologous controls with both labeled DNA and unlabeled DNA from E. ictaluri, the average levels of DNA duplex formation were 66% in 50°C reactions and 73% in 75°C reactions. These values were arbitrarily defined as 100%. Each heterologous reaction was performed twice at 60°C and twice at 75°C. Control reactions in which labeled DNA was incubated in the absence of unlabeled DNA showed an average of 5% binding of hydroxyapatite. These control values were subtracted from heterologous binding values before normalization.
The relatedness of the ESC bacterium to species of Enterobacteriaceae is shown in Table 4 . This bacterium is most closely related to E. tarda (56 to 62% in 60°C reactions). In these react,ions the percent divergence was 12 to 14.5%, and relatedness fell to about 30% in 75°C reactions, leaving no doubt that the ESC bacterium and E. tarda are separate species. The relatedness of the ESC bacterium to species of Escherichia, Shigella, Salmonella, Klebsiella, Enterobacter, Erwinia, Serratia, Hafnia, and Morganella (Proteus morganii) was generally between 25 and 3556, and its relatedness to Proteus and Providencia species was 6 to 11%.
These DNA relatedness data and the biochemical characteristics of the ESC bacterium are consistent with placing this organism in the family Enterobacteriaceae as a new species. The ESC bacterium is phenotypically and genetically most closely related to E. tarda. Therefore, we propose the name Edwardsiella ictaluri sp. nov. (ic ta lu'ri. M.L. masc.n. Ictalurus generic name of the host catfish; M.L. gen.n. ictaluri of Ictalurus) for the ESC bacterium. The type strain of E. ictaluri is GA 77-52 (=CDC 1976-78 =ATCC 33202).
A comparison between E. ictaluri and "Paracolo bactrum anguillimortiferum" (not on the Approved Lists of Bacterial Names [ 141) was not possible due to the lack of viable strains of the latter. The data reported by Wakabayashi and Egusa (15) indicate that "P. anguzllimortiferum" may be more closely related to'E. tarda than to E. ictaluri.
